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BJIHRHHE TPEMATOflHOH HHBA3HH 
HA HAKOIUIEHHE THXEJIBIX METAJUIOB nPYflOBHKOM 03EPHBIM 
(MOLLUSCA: GASTROPODA: LYMNAEIDAE) 

© T. E. KHpHHyK, A. n. CTaOTHHeHKO, H. A. nepuiKO 

HcCJieAOBaHO BJIHflHHe TpeMaTOflHOH HHBa3HH Ha 0C06eHH0CTH HaKOnJieHHH T5DKeJIbIX MeTaJIJIOB 
(Cu, Cd, Pb, Zn) npyaoBHKaMH 03epHbiMH H3 pa3Hbix nonyjiauHH. 

YcTaHOBJieHO, hto Hanbojibinee kojihhcctbo unHica coaepxcHTca b MaHTHH, Meab h kb^mhh 
naKanjiHBaiOTCH npeHMymecTBeHHO b MaHTHH h Hore, CBHHeu, — b paxoBHHe h MaHTHH. 

BbIHBJieHbl pa3JIHHH5I MOKfly He 3apaXCeHHbIMH H 3apaXCeHHbIMH TpeMaTO^aMH XCHBOTHbIMH no 
K03(J)^)HUHeHTaM HaKOnjieHHH T5DKeJIbIX MeTaJIJIOB, K03(})(J)HUHeHTaM flOHHOH bHOHOTHHeCKOH aKKyMy- 
jihuhh h no CHJie CBH3eft Mexcay MeTajuiaMH npH nonapHOM hx paccMOTpeHHH. 


B nocjre^Hee BpeMa 3arpH3HeHHe BO^oeMOB 6acceHHa flHenpa pa3JiHHHbiMH nojunoTaH- 
TaMH h b nepByio onepe^b HOHaMH Taxcejibix MeTajuiOB (TM), jjocthdio Taxoro ypoBHfl, npH 
kotopom HacymHOH HeoGxo^HMOCTbio cTajio ocymecTBjieHne MeponpHHTHH, HanpaBJieH- 
Hbix Ha 03jjopoBjieHHe h oxpaHy ero HaTHBHbix boa, hto npejjycMOTpeHO pfljjOM npaBHTejib- 
CTBeHHbix (YKpanHa) h Mex^yHapo^Hbix (no;* 3nmoH OOH) nporpaMM, HanpaBjieHHbix Ha 
3KOJioraHecKoe 03,aopoBjieHHe h oxpaHy bo a Bcero 6acceHHa 3toh peKH. B KOMnjieKc pa6oT 
yKa3aHHoro HanpaBjieHHfl bxojjht ocymecTBjieHHe 3KOjiorHHecKoro MOHHTopHHra c Hcnojib- 
30BaHHeM 6HOjiorHHecKHx TecT-oOueKTOB. B KanecTBe TaKOBbix npejyiaraeTca (BpeHb, 
floMauuiHHeu, 1998) Hcnojib30BaTb npecHOBojjHbix mojijhockob (xaK Gastropoda, Tax h 
Bivalvia), cnoco6Hbix HaicanjiHBaTb b CBoeM Tejie hohw TM b HHjjHKaTopHbix KOJinnecTBax, 
B TbICflHH (Me^b, Ka^MHH) H COTHH TbICHH pa3 (UHHK) npeBblHiaiOmHX HX KOHUCHTpaUHIO B 

cpejje (EBTymeHKO, Cwthhk, 1989). ripn 3 tom, ojjHaKO, He yHHTbiBaeTca to, hto npecHO- 
BO^Hbie MOJunocKH abjuuotch o6jiHraTHbiMH npoMexcyTOHHbiMH xo3HeBaMH TpeMaTOjj. riapa- 
3HTapHbiH cjjaKTop MoxceT o6ycjiOBHTb pa3jiHHHH b npouecce HaKonjieHHH hohob TM 
3apaXCeHHbIMH H CBoOojJHbIMH OT HHBa3HH XCHBOTHbIMH. 

MATEPIIAJI II METOflHKA 

MaTepHaji: 70 3K3. o,aHopa3MepHbix (BbicoTa paKOBHHbi 43.32 ±2.55 mm) npyjjOBHKOB 
03epHbix ( Lymnaea stagnalis Linne, 1758), coOpaHHbix BpynHyio b ceHT5i6pe 2000 r. b 
OacceiiHe cpejjHero flHenpa (YicpaHHa) — Bp. TeTepeB (2Khtomhp) h b BbixonHOM npyjje' 
(c. JIH3HHK, ^KHTOMHpCKOH o6jI.). MOJUHOCKH OblJIH CnOHTaHHO HHBa3HpOBaHbI napTeHHTa- 
mh co c^opMHpoBaHHbiMH («3pejibiMH») uepKapHHMH Echinoparyphium aconiatum Dietz 

[3KCTeHCHBHOCTb HHBa3HH peHHOH nOnyjIHIJHH 27, npyUOBOH - 57 %; HHTeHCHBHOCTb 

3apaxceHH5i yMepeHHaa: HeOojibuiHe no nnoma^H (1x2 mm), H30JiHpoBaHHbie jjpyr ot jjpyra 
onara HHBa3HH b renaTonaHKpeace mojijhockob]. flocTaBjieHHbix b jiaOopaTopHio xchbothmx 
OHHmaJlH OTAOHHbIX OTJlOXCeHHH H oOpaCTaHHH H BbmepXCHBajlH (jyifl OHHmeHHH KHUieHHH- 
xa) Ha npoTHxceHHH 4h b aKBapnyMax, 3anojiHeHHbix ^HCTHJiJiHpoBaHHOH bojjoh. Macca 
HaBeCKH CbipOH TKaHH - 1 r Ha Kaxc^yio nOBTOpHOCTb. ripoObl CjlHKCHpOBaJIH 96 %-HbIM 
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3THjroBbiM cnHpTOM n nepe3 6— 12 h ynapHBanH, a 3aTeM uobouhjih uo cyxoro coctoahha b 
cyuiHjibHOM uiKacfiy npn 105° (HmcaHopoB n jx p., 1985). Cyxne npoGbi cxcnrajin MeTOjjOM 
MOKporo 030jieHHfl (no Kbejibuajno) b CMecn Tpex KOHueHTpnpoBaHHbix khcjiot (Mapxa 
OCH) — a30THon, cepHon n cojwhoh (cooTHOiueHHe 8 : 1 : 2) c uoGaBJieHneM 2—3 xanejib 
nepeKHcn Bouopoua b TeneHne 12 — 18, HHoma — £o 24 h (uo nojmoro oGecuBeHHBaHna 
CMecn). KojiHHecTBeHHO couepxcaHne hohob TM b opraHax n TKaHax npyuoBHKa ycTaHaB- 
jiHBajin c noMombio aTOMHo-a,acop6uHOHHoro cneKTpocjjOTOMeTpa C-115 M c njiaMeHHbiM 
aHajiH3aTopoM (cTaHjjapT C3B 5346). Bcero BbinojiHeHO 1400 aHajin30B. KoHueHTpaunio 
MeTajuioB Bbipaxcajin b Mr/xr cbipon Maccbi xchbothmx npn ecTecTBeHHon BjraxcHOCTn 
B03uyxa. CTaTHCTHnecKaa oGpaGoTKa MaTepnanoB nccjieuoBaHHa BbinojiHeHa no JlaKHHy 
(1974). 


PE3YJII>TATbI H OBCy^HEHHE 

B opraHH3M MOJijnocKOB TM nocTynaiOT TpeMfl nyTAMn: unc]3(]3y3HOHHO nepe3 xoxcHbie 
noxpoBbi n BbicTHJiKy jieroHHon nojiocTH (y Pulmonata), aucopGunoHHO (n3 nniun) n 
MeTaGojinnecKH. B pa3JinHHbie opraHbi n TxaHn Mnrpauna nx ocymecTBjmeTCfl HeounHaKO- 
bo, o neM CBHxieTejibCTByioT a6cojnoTHbie BejiHHHHbi nx HaKonjieHHfl. Me^b n KajjMHH 
HaKanjiHBaiOTCii npenMymecTBeHHO b MaHTnn, Hore n renaTonaHKpeace. CBHHeu y npyuo- 
bhkob peHHon nonyjiflunH npeoGjiauaeT b paKOBHHe, MaHTnn, Hore n renaTonaHKpeace, a y 
ocoGen npyaoBon nonyjiaunn — b MaHTnn, Hore n reMOJiHMcjDe. IJhhk y Bcex oGcjieuoBaH- 
hhx xcnBOTHbix b HanGojibiueM KOJinnecTBe oGHapyxcnBaeTca b MaHTnn n renaTonaHKpeace. 
Flpn 3 tom pa3JinHH5i b ypoBHe KOHueHTpaunn ojjHoro n Toro xce MeTajuia b pa3Hbix opraHax 
n TKaHflx Hepe^KO BecbMa Bejinxn. Tax, couepxaHne Meun b MaHTnn n renaTonaHKpeace b 
7—15 pa3 npeBbimaeT TaxoBoe b reMOjinMcf)e. KauMna, CBHHua, unHKa (penHaa 

nonyji5!un5!) otot noxa3aTejib cocTaBjiaeT cooTBeTCTBeHHO 9—10, 2—2.2, 2—12 pa3 
(pnc. 1, 2). 

Y CTaHOBJieHO, hto xapaKTep uenoHnpoBaHHH HexoTopbix TM b opraHH3Me xax peHHbix, 
Tax n npyuoBbix mojijhockob Heo^HHaxoB. Ecjih Meub n uhhx y ocoGen oGenx nonynaunn 
npenMymecTBeHHO axxyMyjinpyioTCH b MaHTnn, Hore n renaTonaHKpeace, to ocTajibHbie 
TM no-pa3HOMy oTKJiaubiBaiOTCJi b opraHH3Me npyuoBHKOB, uoGbiTbix H3 pa3Hbix GnoTonoB. 
Tax, xaziMnn y peHHbix ocoGen cocpeuoToneH niaBHbiM oGpa30M b MaHTnn, Hore, renaTo¬ 
naHKpeace, y npyaoBbix xce — b MaHTnn, Hore, reMOJinMcJ)e. CBnHeu y nepBbix npeoGjiauaeT 
b renaTonaHKpeace, paxoBHHe, Hore, y BTOpbix — b MaHTnn (pnc. 3, 4). 

AHann3 n3GnpaTejibHOCTn b HaKonneHnn TM pa 3 JinHHbiMn opraHaMn n TKaH^Mn CBHue- 
TejibCTByeT o tom, hto y Bcex, Ge3 ncmnoHeHna, nccjieuoBaHHbix xcnBOTHbix b HanGojibmnx 
KOjinnecTBax uenoHnpyeTca uhhk, b Hecxojibxo MeHbmeM KOJinnecTBe HaxanjiHBaiOTai 
CBnHeu h KauMHn (penHaa nonyjiHunH), CBHHeu n Meub (npyuoBaa nonyjiHuna), a MeHbuie 
Bcero Meub y peHHbix mojijhockob n KauMnn — y npyuoBbix. floMHHnpOBaHne unHKa cpeun 
npoHHx MHKpo3jieMeHTOB y Bcex nccjieuoBaHHbix mojijhockob CBH3aHO, CKOpee Bcero, c ero 
pojibio b aKTHBaunn KapGoaHrnupa3bi n unTOxpoMoxcnua3bi — ubixaTejibHbix cfiepMeHTOB, 
onpeuejiaioiunx HanpaBJieHne n cxopocTb peaxunn yrneBOUHoro oGMeHa. YcHjieHHoe aKKy- 
MyjinpOBaHne Meun npyuoBbiMH MOJunocxaMn b cpaBHeHnn c peHHbiMH oGT^CHaeTca, Ha 
Ham B3rjrau, npncnocoGjieHneM nx k MeHee GjiaronpnaTHbiM, HexcejiH b peKe, ycjiOBHAM 
OKcnreHaunn. A Meub, KaK n3BecTHO, bxouht b cocTaB npocTeTHnecKon rpynnbi nx 
UbixaTejibHoro nnrMeHTa — reMounaHnHa. 

Y npyuoBHKOB peHHon nonyjiaunn, nHBa3npOBaHHbix TpeMaTOuaMH, CTaracTHHecKn 
uocTOBepHbix pa3JiHHHn no oGcyxcuaeMOMy noKa3aTejno He oGHapyxceHO. 3to oGycjioBjieHO, 
KaK Mbi nojiaraeM, MejiKOonaroBoii yMepeHHon HHBa3nen renaTonaHKpeaca mojijhockob. 
FlaToreHHoe B03uencTBHe TpeMaTOu Ha xo3»eB b otom cjiynae, BepoaTHO, He 3aTparHBaeT 
MexaHH3MOB, peryjiHpyioiunx npoueccbi nocTynjieHHfl n aKKyMyjmpOBaHHa TM b opraHax 
H TKaH^IX 3THX XCHBOTHblX. 

y mojijhockob npyuoBon nonyjinunn c Gojiee Taxcejion HHBa3nen BbWBJieHbi CTaTHCTH- 
necKH uocTOBepHbie pa3JiHHHa (P > 94.5 %) no OTOMy noKa3aTejno. CTeneHb HaKonjieHna 
TM opraHaMn n TKaH^Mn rnupoGHOHTOB 3aBncnT ot ypoBHa couepxcaHna hx b OKpy- 


296 




Phc. 1. KyMyjiauHfl hohob Taxcejibix MeTajiJiOB HHBa3HpoBaHHbiMH ocoOamh Lymnaea stagnalis 

(p. TeTepeB) (n = 20). 

Fig. 1. Accumulation of heavy metals ions by the infected specimens of Lymnaea stagnalis (Teteriv 

river) (n = 20). 
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Phc. 2. KyMyjnmHfl hohob Tflxcejibix MeTajiJiOB HeHHBa3HpoBaHHbiMH ocoOamh Lymnaea stagnalis 

(p. TeTepeB) (n = 20). 

Fig. 2. Accumulation of heavy metals ions by the uninfected specimens of Lymnaea stagnalis (Teteriv 

river) (n = 20). 
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Phc. 3. KyMyjiauHfl hohob TaxceJibix MeTajuiOB HHBa3HpOBaHHbiMH oco6«mh Lymnaea stagnalis 

(npya) (n = 15). 

Fig. 3. Accumulation of heavy metals ions by the infected specimens of Lymnaea stagnalis (a pond) 

(n = 15). 



Phc. 4. KyMyjiauHH hohob T5DKeJibix MeTajuiOB HeHHBa3HpoBaHHbiMH oco6hmh Lymnaea stagnalis 

(npya) (n = 15). 

Fig. 4. Accumulation of heavy metals ions by the uninfected specimens of Lymnaea stagnalis (a pond) 

(n = 15). 
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ataiomen cpefle. B o6cjieflOBaHHbix 6HOTonax KOHijeHTpauHH (Mr/ji) TM flocrarajia cjie- 
flyiomnx 3HaneHHH: 


Bojia 


Cll 2 + 


Cd 2+ 


Pb 2+ 


Zn 2+ 


P. TeiepeB 
npya 


0.0026 0.0019 0.00038 0.0011 

0.012 0.015 0.002 0.016 


OKa3ajiocb, hto xapaxrep cooTHomeHHH ypoBHen HaKonjieHHH TM b paxoBHHe oflHHa- 
KOB KaK y CBo6oflHbIX OT HHBa3HH npyflOBHKOB, TaK H y HHBa3HpOBaHHbIX oco6en. no 
3HaneHH5IM K03Cj3C})HUHeHT0B HaKOnjieHHH TM B paKOBHHe y MOJIJIIOCKOB peHHOH h npyuo- 
boh nonyjiauHH nojiyneHbi cooTBeTCTBeHHO cjieflyiomHe pnflbi: Pb 2+ > Zn 2+ > Cu 2+ > Cd 2+ h 
Zn 2+ > Pb 2+ > Cu 2+ > Cd 2+ . TaKHM o6pa30M, pa3JiHHHH Meatfly oco6hmh othx flByx nonyjin- 
Uhh b ypoBHe HaKonjieHHH TM b paKOBHHe xacaiOTca TOjibKO CBHHua h uHHKa. nepBbin H3 
hhx npeo6jiaflaeT cpeflH ocTajibHbix TM y npyflOBbix mojijiiockob, a BTopow — y peHHbix, 
HTO, BepOaTHO, CBH3aHO C OCo6eHHOCTHMH THflpOXHMHHeCKOrO pOKHMa KOHKpeTHbIX 6hoto- 
noB. Hto ate xacaeTca ocTajibHbix opraHOB (MaHTHH, Hora, renaTonaHKpeac) h TKaHen 
(reMOJIHMCjja) 3THX atHBOTHbIX, TO KaK npH OTCyTCTBHH, TaK H npH HaJIHHHH HHBa3HH 
K03(})4)HUHeHTbi HaKoruieHHa hmh TM no3BOjiaiOT BbiCTponTb TaKOH pafl: Zn 2+ > Pb 2+ > 
> Cu 2+ > Cd 2+ . 

CjieflOBaTejibHO, b o6ohx 6noTonax mojijiiockh b Han6ojibniHX KOjinnecTBax HaKanjiHBa- 

K)T UHHK, B HaHMeHbUIHX - KaflMHH, a CBHHefl H Meflb 3aHHMaiOT B 3TOM OTHOUieHHH 

npoMeatyTOHHoe nojioateHHe. 

no 3HaneHHaM K03(}x})HUHeHTOB HaKonjieHHa (KH) TM ajih pa3Hbix opraHOB h TKaHen 
penHbie h npyflOBbie mojijiiockh cymecTBeHHO pa3JiHHaiOTca Meatfly co6oh (P > 99.9 %): 
y nepBbix H3 hhx ohh b 3— 12 pa3 6ojibiue, neM y BTopbix. no BceM TM HaHMeHbiiiHe 
KH BbiaBjieHbi ajih reMOjiHM(})bi. Jlna MeflH, uHHKa h KaflMHH HanGojibinne hx 3HaneHHH 
OTMeneHbi ajih MaHTHH, hoth h renaTonaHKpeaca — KaK y peHHbix, TaK h y npyflOBbix 
mojijiiockob. KH CBHHua o6pa3yioT TaKOH pafl (b nopaflKe yMeHbiueHHH hx 3HaneHHH): 
reMOJiHMtJia > paKOBHHa > renaTonaHKpeac > MaHTHH (Ta6ji. 1). 


Ta6jiHua 1 

Ko 34 )cJ)HUHeHTbi KyMyjiaflHH hohob Taatejibix MeTajuioB 
b opraHH 3 Me Lymnaea stagnalis b HopMe h npn HHBa 3 HH TpeMaTOflaMH 

Table 1. The ratio of accumulation of heavy metals ions in the organism of Lymnaea stagnalis 
in a norm and in the case of trematode infection 

Cu 2+ Cd 2+ Pb 2+ Zn 2+ 

OpraH, TKaHb MHBa3Hfl 



ecTb 

HeT 

ecTb 

HeT 

ecTb 

HeT 

ecTb 

HeT 

PaKOBHHa 

551.53 

616.92 

P. TeTepeB 

153.71 217.42 

9334.2 

8557.9 

4762.7 

4936.4 

renaTonaHKpeac 

941.15 

1009.23 

2204.22 

2241.63 

9002.6 

9384.2 

16778.2 

16063.6 

Hora 

875.77 

894.23 

1556.34 

1569.51 

7742.1 

8102.6 

15112.7 

14327.3 

MaHTHH 

1133.46 

1126.92 

2496.82 

2306.84 

8481.6 

8371.1 

12456.4 

12124.5 

reMOJiHM^a 

69.62 

76.54 

288.4 

227.47 

4376.3 

4656.8 

4844.5 

5317.3 

PaKOBHHa 

161.58 

134.67 

npyfl 

11.42 11.82 

164 

184.5 

615.2 

597.7 

T enaTonaHKpeac 

271.67 

319.25 

9.31 

10.43 

189.5 

188.5 

997.8 

952.3 

Hora 

183.92 

187.17 

55.1 

54.92 

266 

287 

766.2 

767.1 

MaHTHH 

179.92 

178.83 

55.12 

57.11 

736 

706 

1808.6 

1877.8 

feMOJiHM^a 

28.08 

26.25 

32.13 

30.7 

805.5 

774.5 

500.2 

479.7 
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no KH CTaTHCTHHeCKH ^OCTOBepHbie pa3JIHHH5I MOK^y 3apa)KeHHbIMH H He3apa)KeHHbI- 
mh ocoOamh, OTHOcamHMHca k o^hoh h toh xce nonyjnmHH, OTcyTCTByioT. 3to yxa3biBaeT 
Ha to, hto npn yMepeHHOH hhtchchbhocth HHBa3HH TpeMaTO,aaMH MexaHH3M noniomeHHfl 
npyaoBHKaMH TM H3 cpejibi He HapyiuaeTca, a npo^ojDKaeT cfiyHKUHOHHpoBaTb Tax xce, KaK 
h y CBo6o,aHbix ot napa3HTOB oco6en. O^Haxo OTcyTCTBHe BHyTpHnonyjiflUHOHHbix pa3- 
jihhhh no o6cyxc,aaeMOMy noKa3aTejno coneTaeTOi c HajiHHHeM MexcnonyjiauHOHHbix pa3JiH- 
hhh. npH 3tom CTaTHCTHHeCKH ^ocTOBepHbie c^BHrn 3HaHeHHH KH oOHapyxceHbi jura Bcex, 
6e3 HCKJiiOHeHHH, oScjiejjOBaHHbix opraHOB h TKaHen. JXjia pa3Hbix MeTamiOB HanpaBjieH- 
HOCTb hx OKa3ajiacb Heo^HHaKOBOH. Y penHbix npyaoBHKOB npn HHBa3HH cnoco6HOCTb 
aKKyMyjinpoBaTb Bee MeTamibi b paKOBHHe ocjiaOjiaeTCfl (KH MeHbrne b 1.1 — 1.4 pa3a 
npoTHB HopMbi; P 6ojibuie 94.5—99.5 %), ohcbh^ho, BCJie^CTBHe npeObiBaHHfl hx b MeHee 
6jiaronpn5iTHOH j\nn 3Toro cpe,ae, co^epxcamen Bee HHTepecyiomHe Hac MeTamibi b MeHb- 
uihx Ha nopa^OK KOJinnecTBax, HeM oto HMeeT mccto b ctoahcm BOjioeMe. Y npyaoBbix 
MOJUHOCKOB, 3apaxceHHbix TpeMaTO,aaM h, h3mchchh^ 3Toro noKa3aTeji5i jura pa3Hbix TM 
OKa3biBaiOTC5i pa3HOHanpaBJieHHbiMn: norjiomeHHe hmh uHHKa h Me^n yBeji hhh BaeTCfl b 
cpe^HeM Ha 15 %, CBHHua coKpamaeTca Ha CTOJibKO xce, a KajiMHa — ocTaeTca Hen3MeH- 
HbiM (P = 94.5 %). OTHOCHTejibHO renaTonaHKpeaca, MaHTHH h reMOJiHMcjibi KH 3aperncT- 
pnpoBaHbi y Bcex rpynn npyuoBHKOB jxjdi Kaj\Mun h Me^n, npnneM 3HaneHH5i hx y penHbix 
oco6eH 3HanHTejibHO npeBbimaiOT TaxoBbie y npyaoBbix. HanpHMep, KH Me^H penHbix 
npyaoBHKOB npn OTcyTCTBHH HHBa3HH 6ojibiue, neM y npyaoBbix ^khbothbix, b 3.5, a npn 
HHBa3HH — b 3 pa3a. 

H3BecTHO (BpeHb, floMauuiHHeu, 1998; CTa^HHneHKO h ap., 1998), hto ypoBeHb Haxon- 
jieHHa TM b opraHax h TKaHHx 6ecno3BOHOHHbix 3aBHCHT ot MecTa OT6opa npo6 h, 
CJieAOBaTejibHO, He TOJibKo ot KOHueHTpaunn hx b Bojie, ho h b 3HaHHTenbHOH, a bo3moxcho 
h b 6ojibiueH Mepe, ot co^epxcaHHH b ^ohhhx OTjioxceHHax. no othm noKa3aTejiHM nocjie,a- 
HHe oneHb pa3HHJiHCb Meamy co6oh (mt/ji): 


/],oHHbie oTJio»:eHM« 

Cu2+ 

Cd 2+ 

Pb 2+ 

Zn 2+ 

P. TeTepeB 

13.46 

1.1 

465.8 

1418.2 

npya 

48.3 

1.4 

60 

264.4 


HaMH BbiHHCJieHbi K03(J)(^)HUHeHTbi ^ohhoh OnojiorHHecKOH axKy MyirauHH (KflEA) 
oxaejibHbix MeTamiOB y npyaoBHKOB, floObiTbix H3 othx flByx BOjioeMOB (Ta6ji. 2). floHHbie 
OTJIOXCeHHa CTOflHHX BOflOCMOB aKKyMyjIHpyiOT TM HHTeHCHBHee, HeM TaKOBbie npOTOH- 
Hbix, no3TOMy 3HaneHH5i KflBA npyaoBbix mojijhockob jura Mean h Ka^MHa MeHbme (b 10— 
20 pa3), neM penHbix (P > 99.9 %). H oto HeB3Hpaa Ha to, hto npyaoBHKH ABjiaioTCfl no 
cnocoOy ,ao6biBaHH5i nnmn >KHBOTHbiMH-co6npaTeji5iMH, a 3HannT, npeObiBaa Ha flHe ctoa- 
hhx BO,aoeMOB h noTpeOjiflfl Haxo^mnnca Ha HeM pacTHTejibHbin AeTpnT, HenpeMeHHO 
3aniaTbiBaK)T BMecTe c hhm h ^OHHbie OTJioxceHHfl, b tom HHCJie h coAepxcamnecfl b hhx TM. 
KflEA no CBHHuy h uHHKy noHTH o^HHaKOBbi ,aji5i Bcex opraHOB h TKaHen y Bcex o6cjie,ao- 
BaHHblX HaMH XCHBOTHbIX. Pa3JIHHH5I MOK^y 3apa)KeHHbIMH TpeMaTOJiaMH H He3apaXCeHHbIMH 
XCHBOTHbIMH yCTaHOBJieHbl AJI5I peHHbIX npyaOBHKOB no Me^H H Ka^MHK), y npyaOBbIX TOJIbKO 
no xa^MHio (P>94.5%). Y nepBbix H3 hhx npn HHBa3HH renaTonaHKpeaca 3HaneHHe 
KflBA Me,aH Ha 18 % MeHbrne, neM b HopMe. Hto Kacaerai KflBA Ka^MHH, to CTaTHCTnnec- 
kh ,aocTOBepHoe ero yMeHbineHne OTMeneHO npn HHBa3HH KaK y penHbix, Tax h y npyaoBbix 
oco6en paKOBHHbi. 

YpoBeHb HaKonjieHHA TM opraHaMH h TKaH^MH rn^poOnoHTOB 3aBHCHT He TOJibKo ot 
KOHueHTpauHH hx b oKpyxcaiomeH cpe,ae, ho h ot hx B3aHMOBjiHHHHH b xo,ae oOMeHa 
BemecTB, npoTexaiomero b opraHH3Me 3thx xchbothbix. CTeneHb B3aHMO^encTBH5i Mexc,ay 
co6oh TM b opraHH3Me npyaoBHKOB ycTaHOBjieHa nyTeM o6pa6oTKH un^poBbix pe3ynbTa- 
tob 3KcnepHMeHTa MeTO^aMH KoppejiaunoHHoro aHanH3a. npn 3tom npoaHajiH3HpoBaH 
paHroBbiii K03(J)^)HUH eHT KoppeJi^uHH CnnpMeHa npn nonapHOM cpaBHeHHH TM y He3apa- 
xceHHbix h 3apaxceHHbix mojijhockob. OKa3anocb, hto CHJia cb^3h MOKjiy TM 3aBHCHT ot 
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Ta6jiHua 2 

K03(J)(J)HUHeHT AOHHOH 6HOJIOrHHeCKOH aKKyMy^mHH TfDKeJIbIX MeTajUIOB 
opraHaMH h tkbhhmh Lymnaea stagnalis b HopMe h npH nHBa3nn TpeMaTo^aMH 

Table 2. The ratio of benthic biological accumulation of heavy metals by organs and tissue 
of Lymnaea stagnalis in a norm and in the case of trematode infection 



Cu 2 + 

Cd 2+ 

Pb 2+ 

Zn 2+ 

OpraH, TKaHb 

HHBa3Hfl 


ecTb HeT 

ecTb HeT 

ecTb HeT 

ecTb HeT 


PaKOBHHa 
TenaTonaHKpeac 
Hora 
MaHTHfl 
reMo;iHM(})a 

PaKOBHHa 
renaTonaHKpeac 
Hora 
MaHTHfl 
reMOJiHM(J)a 

PaKOBHHa 
renaTonaHKpeac 
Hora 
Mam™ 
reMOJiHM(J)a 

PaKOBHHa 
renaTonaHKpeac 
Hora 
Mam™ 

TeMOJiHM^a 

paccMaTpHBaeMOH napbi 3Jie\ieHTOB, ot opraHa h TKaHH, ot OTcyTCTBHji hjih HajiHHHa 
HHBa3HH. npHHeM npH napa3HTapHOM nopa^KeHHH ^khbothbix KOJinnecTBO AOCTOBepHbix 

(P < 0.01 - 0.05 %) KOppejIflTHBHblX 3aBHCHMOCTeH B HeCKOJlbKO pa3 GojIbULie (1.5 —6), HeM 

b HopMe (TaOji. 3). HanpHMep, y nepBbix H3 hhx b renaTonaHKpeace CTaTHCTHnecKH 
AOCTOBepHaa CB5i3b oGycjiOBjieHa ajia 6 nap TM: Cd 2+ /Cu 2+ , Zn 2+ /Cu 2+ , Zn 2+ /Cd 2+ , Pb 2+ /Cu 2+ , 
Pb 2+ /Cd 2+ , Pb 2+ /Zn 2+ , b to BpeMfl xaK AJifl BTopbix — TOJibKO aha oahoh Pb 2+ /Zn 2+ . 3to 
CBHA eTenbCTByeT o 3HaHHTenbHbix HapyuieHnax MeTa6ojiH3Ma TM b opraHH3Me moaaiockob, 
3apaxceHHbix TpeMaTOAaMH. 


P. TeTepeB (cooTHomeHHe k aohhhm OTJioxceHHHM) 


40.97 

45.83 

13.9 

19.67 

20.04 

18.37 

3.36 

3.48 

69.91 

74.97 

199.43 

202.81 

19.33 

20.15 

11.83 

11.33 

65.06 

66.43 

140.81 

142 

16.62 

17.4 

10.66 

10.1 

84.2 

83.71 

225.9 

208.71 

18.21 

17.97 

8.78 

8.55 

5.17 

5.69 

26.1 

20.57 

9.4 

9.80 

3.42 

3.75 

npyA (cooTHomeHHe k 

AOHHbIM OTJlO^KeHHHM) 



3.34 

2.79 

0.81 

0.84 

2.73 

3.08 

2.33 

2.26 

5.62 

6.61 

0.67 

0.74 

3.16 

3.14 

3.77 

3.6 

3.81 

3.87 

3.94 

3.92 

4.43 

4.78 

2.9 

2.9 

3.72 

3.7 

3.94 

4.08 

12.27 

11.77 

6.84 

7.1 

0.58 

0.54 

2.3 

2.2 

13.43 

12.91 

1.89 

1.81 


P. TeTepeB (cooTHomeHHe b boahmm pacTeHHHM) 


0.93 

1.04 

0.058 

0.083 

0.325 

0.298 

0.186 

0.193 

1.59 

1.7 

0.838 

0.852 

0.313 

0.326 

0.655 

0.627 

1.48 

1.51 

0.591 

0.596 

0.269 

0.282 

0.59 

0.559 

1.91 

1.9 

0.949 

0.877 

0.295 

0.291 

0.486 

0.473 

0.12 

0.13 

0.11 

0.086 

0.152 

0.159 

0.189 

0.207 


npyA (cooTHomeHHe k boahhm pacTeHHHM) 


1 

0.84 

0.014 

0.014 

0.038 

0.043 

0.284 

0.276 

1.69 

1.98 

0.011 

0.012 

0.044 

0.044 

0.461 

0.44 

1.14 

1.16 

0.065 

0.065 

0.061 

0.066 

0.354 

0.354 

1.12 

1.11 

0.065 

0.068 

0.17 

0.163 

0.835 

0.867 

0.17 

0.16 

0.038 

0.036 

0.186 

0.179 

0.231 

0.221 
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TaSjiHua 3 

Ko3(J)(J)HuneHTbi Koppe;rauHH paHroB CrmpMeHa 


Table 3. Correlation ratios of Spirmen ranks 



HHBa3HpoBaHHbie oco6h 

HenHBa3npoBaHHbie oco6h 


Cd 2+ Zn 2+ Pb 2+ 

Cd 2+ 

Zn 2+ Pb 2+ 


Lymnaea stagnalis (p. TeTepeB) (n 

= 20) 


PaKOBHHa 


C U 2+ 

0.5752* 0.0492 0.3293 

0.4808** 

0.1624 0.4173 

Pb 2+ 

0.5838* 0.0425 

0.3538 

0.5203** 

Zn 2+ 

-0.1842 

0.2831 

1 


fenaTonaHKpeac 


Cu 2+ 

0.2835 0.0331 -0.1515 

0.6850* 

0.6045* 0.5436** 

Pb 2+ 

-0.1214 0.4004 

0.7003* 

0.5188** 

Zn 2+ 

0.415 

0.7064* 



Hora 


Cu 2+ 

0.5782* -0.1199 -0.0789 

0.2752 

0.5338** 0.0639 

Pb 2+ 

0.1508 0.1752 

0.4853** 

0.4451 

Zn 2+ 

-0.3989 

0.3771 



MaHTHfl 


Cu 2+ 

0.4192 0.3714 0.1489 

0.2947 

0.1323 -0.0447 

Pb 2+ 

-0.2376 0.2459 

0.4011 

0.4229 

Zn 2+ 

-0.1528 

0.3774 



TeMOJiMM^a 


Cu 2+ 

0.2229 0.2083 0.0489 

0.3748 

0.5109** 0.0229 

Pb 2+ 

-0.3929 -0.2135 

0.2158 

0.1989 

Zn 2+ 

0.0534 

0.6237* 



Lymnaea stagnalis (npya) (n = 15) 


PaKOBHHa 


Cu 2+ 

0.0232 0.5938** 0.5482** 

0.3 

0.1063 0.1036 

Pb 2+ 

0.1366 0.5786** 

0.217 

0.7973* 

Zn 2+ 

0.0545 

0.1893 



fenaTonaHKpeac 


Cu 2+ 

-0.2571 -0.1536 -0.167 

-0.2482 

-0.0875 -0.1228 

Pb 2+ 

0.2696 0.7973* 

0.1848 

0.6009** 

Zn 2+ 

0.1625 

-0.1545 



Hora 


Cu 2+ 

-0.6991 -0.4357 0.0107 

0.3911 

0.2688 0.5268** 

Pb 2+ 

0.1813 0.2589 

0.5955** 

0.1643 

Zn 2+ 

0.2152 

0.1625 



MaHTHfl 


Cu 2+ 

0.2241 0.2036 0.2714 

0.5268** 

0.0759 0.1232 

Pb 2+ 

0.2348 -0.2536 

-0.2616 

-0.2786 

Zn 2+ 

0.6491** 

0.4973 



feMO^HM^a 


Cu 2+ 

0.7161* 0.4848 0.4473 

0.5429** 

0.7929* 0.6527** 

Pb 2+ 

0.3107 0.4152 

0.7464* 

0.6455** 

Zn 2+ 

0.5152 

0.6884* 



FIpHMenaHHe. *P > 0.01, **P > 0.05. 
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THE EFFECT OF THE TREMATODE INVASION 
AND ACCUMULATION OF HEAVY METALS ONTO THE POND SNAIL 
(MOLLUSCA: GASTROPODA: LYMNAEIDAE) 

G. Ye. Kirichuk, A. P. Stadnichenko, I. A. Pershko 
Key words: accumulation, heavy metals, trematode infection, Lymnaea stagnalis . 

SUMMARY 

The cumulating of heavy metals (Cu, Cd, Pb, Zn) by the pond snail Lymnaea stagnalis from river 
and pond populations in a norm and under the trematode infection was examined. The copper and 
cadmium were accumulated by all specimens, mainly in the mantle and leg, in less content — in the 
hepatopancreas, and in the least content — in the shell and haemolymph. The lead was accumulated 
most intensively by the river specimens in the shell and mantle, while in the pond specimens it was 
accumulated in the mantle and leg. The greatest content of zink was found in the mantle, leg, and 
hepatopancreas. 

According to the ratio of cumulation the heavy metals by the river and pond populations the 
following series of ions were obtained respectively: Pb > Zn > Cu > Cd and Zn > Pb > Cu > Cd. 

The difference between uninfected specimens and one infected with trematodes was recorded in 
the ratio of cumulated heavy metals, in the ratio of benthic biological accumulation, and also based on 
bending force between metals compared in pairs. An intensity of differences was directly proportional 
to the intensity of the trematode infection. 
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